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Abstract 
     Offshore operational availability was investigated for the proposed handling system consisting of the carrier vessel 
equipped with dynamic positioning capability, on-board manual operation of picking-up the sea-surface float 
connected to the upstream end of the flexible riser pipe laid-dawn on sea floor. 
     An offshore site was selected to collect the oceanographic off the southern part of Japan facing to the Pacific 
Ocean.  The response amplitude operator of the proposed CO2 carrier vessel was calculated based on 3-D Singularity 
Distribution Method. Based on the result of the interview survey with captains of research vessels which showed that 
operational availability, the RAO of the pitch and relative wave elevation was evaluated.   
    The hull motions and the relative wave elevation in unidirectional irregular waves and in multidirectional irregular 
waves were calculated by a conventional method based on the seakeeping theory using the RAOs, the wave spectrum 
and the directional wave spectrum.  
      Under the assumption that the operational availability of the proposed CO2 carrier vessel is constrained by the 
pitch motion and the service deck wetness, the allowable upper limit values of the significant wave height were 
calculated by a conventional method based on the sea keeping theorem using the 1/10 maximum expected response 
value of pitch motion and the relative wave elevation evaluated in the above-mentioned calculation. The threshold 
value of operation availability was set at the pitch of 3.0 degrees and the relative wave elevation at the freeboard to 
the service deck, based on the result of the interview survey with captains of research vessels. 
     Finally, the overall operational availability was estimated, on the assumption that the threshold value of operation 
availability was set at the pitch of 3.0 degrees and the relative wave elevation at the freeboard to the service deck.  
   We concluded that the operational availability of the proposed CO2 carrier vessel reaches a target value of nearly 
90% for both full year and four seasons in the case that freeboard of service deck for offshore buoy picking-up 
operations set greater than 2.3 m as a service platform. 
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1. Introduction 
Transportation of CO2 by ship provides the opportunity to access distant storage sites. And ship-based 
CCS provides flexibility in changing capture sites, storage sites and the transportation routes in a CCS 
project. Therefore, CO2 carrier ship equipped with onboard injection facilities is proposed [1]. 
In this paper, offshore operational availability was investigated for the proposed CO2 carrier ship 
equipped with onboard injection facilities, on-board manual operation of picking-up the sea-surface float 
connected to the upstream end of the flexible riser pipe laid-dawn on sea floor [2]. 
The study is a part of the "Preliminary Feasibility Study on CO2 Carrier for Ship-based CCS" and its 
follow-up study sponsored by Global CCS Institute and conducted by Chiyoda Corporation [1]. 
2. Offshore site 
Offshore Site M was selected to collect the oceanographic data in this study. Refer to Fig. 1. Location 
of selected site M is shown as Fig.1. Frequency of distribution of wave height and wave period in offshore 
site M is shown as Table 1. In Table 1 all year data are shown. These data referenced from National Wave 
Information Network for Ports and Harbors (NOWPHAS).  
 
 
Fig.1 Location of selected site M 
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Table 1. Frequency of distribution of wave height and wave period in offshore site M 
Significant wave period(sec) 0 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
- - - - - - - - - - - - - - - - -
Significant wave height(m) 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
12 - 13 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
11 - 12 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
10 - 11 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00%
9 - 10 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00%
8 - 9 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.01% 0.01% 0.00% 0.00% 0.00% 0.00%
7 - 8 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.02% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00%
6.5 - 7 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.01% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
6 - 6.5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.01% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00%
5.5 - 6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.02% 0.01% 0.02% 0.03% 0.02% 0.01% 0.00% 0.00% 0.00% 0.00%
5 - 5.5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.03% 0.07% 0.07% 0.04% 0.02% 0.01% 0.00% 0.01% 0.00% 0.00%
4.5 - 5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.10% 0.12% 0.13% 0.03% 0.01% 0.00% 0.00% 0.01% 0.00% 0.00%
4 - 4.5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05% 0.10% 0.09% 0.08% 0.05% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00%
3.5 - 4 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.13% 0.19% 0.13% 0.09% 0.05% 0.03% 0.01% 0.01% 0.00% 0.00% 0.00%
3 - 3.5 0.00% 0.00% 0.00% 0.00% 0.01% 0.14% 0.36% 0.31% 0.26% 0.14% 0.13% 0.10% 0.03% 0.00% 0.00% 0.00% 0.00%
2.5 - 3 0.00% 0.00% 0.00% 0.00% 0.09% 0.53% 0.97% 0.63% 0.37% 0.20% 0.18% 0.11% 0.03% 0.01% 0.01% 0.00% 0.00%
2 - 2.5 0.00% 0.00% 0.00% 0.03% 0.69% 1.57% 2.28% 0.93% 0.62% 0.37% 0.22% 0.16% 0.07% 0.03% 0.00% 0.00% 0.00%
1.75 - 2 0.00% 0.00% 0.00% 0.15% 1.04% 1.17% 0.84% 0.55% 0.27% 0.16% 0.11% 0.11% 0.03% 0.01% 0.00% 0.00% 0.00%
1.5 - 1.75 0.00% 0.00% 0.02% 0.54% 1.57% 1.71% 0.92% 0.64% 0.30% 0.25% 0.17% 0.08% 0.03% 0.00% 0.00% 0.00% 0.00%
1.25 - 1.5 0.00% 0.00% 0.12% 1.22% 2.41% 2.34% 1.29% 1.03% 0.51% 0.25% 0.20% 0.07% 0.01% 0.00% 0.00% 0.00% 0.00%
1 - 1.25 0.00% 0.03% 0.46% 2.38% 3.40% 2.78% 2.12% 1.46% 0.81% 0.43% 0.13% 0.01% 0.01% 0.00% 0.00% 0.00% 0.00%
0.75 - 1 0.00% 0.20% 1.91% 4.17% 4.83% 4.76% 2.84% 1.71% 0.78% 0.27% 0.09% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00%
0.5 - 0.75 0.00% 0.42% 2.49% 5.19% 5.47% 5.52% 3.78% 1.50% 0.33% 0.05% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
0.25 - 0.5 0.00% 0.03% 0.50% 0.99% 1.58% 1.53% 1.02% 0.36% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
0 - 0.25 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  
3. Limiting sea condition for offshore operation 
3.1. The response amplitude operator (RAO) of the CO2 carrier vessel 
The response amplitude operator (RAO) of the CO2 carrier vessel in moderate waves was calculated 
based on 3-Dimensional Singularity Distribution Method (3DSDM) with a computational grid 
representing a hull shape of the proposed vessel [3]. The result of the interview survey with captains of 
tional availability. 
Therefore, the RAO of pitch and relative wave elevation is shown as the left side of Fig. 2. The vertical 
axis shows a normalized value X5a
the incident wave amplitude. The horizontal axis shows the wave period, T. The RAO of relative wave 
elevation at the midship is shown as the right side of Fig. 2, the pick-up buoy operation is planned to be 
carried out at the midship. The vertical axis shows a non-
wave angle is shown in Fig. 4. 
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Fig. 2 RAO of Pitch and Relative wave elevation at mid-ship 
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Fig. 3 Computational grid of hull 
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Fig. 4 Definition of incident wave angle 
3.2. The hull motions  and the relative wave elevation  in irregular waves 
The hull motions (1/10 maximum expected response value of pitch) and the relative wave elevation 
(1/10 maximum expected response value of relative wave elevation) in unidirectional irregular waves and 
in multidirectional irregular waves (significant wave height: Hv=1.0m) The hull motions (1/10 maximum 
expected response value of pitch) and the relative wave elevation (1/10 maximum expected response 
value of relative wave elevation) in unidirectional irregular waves and in multidirectional irregular waves 
(significant wave height: Hv=1.0m) were calculated by a conventional method based on the sea-keeping 
theorem using the RAOs, the wave spectrum (ISSC type) and the directional wave spectrum (cos2
The calculated results are shown in Fig. 5 to Fig. 6. The vertical axis of these graphs means the 1/10 
maximum expected response value and the horizontal axis means the significant wave period, where the 
notation of long crested irregular waves means unidirectional irregular waves and the notation of short 
crested irregular waves means multidirectional irregular waves. 
3.3. Allowable upper limit value of significant wave height 
Under the assumption that the operational availability of the proposed CO2 carrier vessel is constrained 
by the pitch motion and the service deck wetness, the allowable upper limit values of the significant wave 
height were calculated by a conventional method based on the sea keeping theorem using the 1/10 
maximum expected response value of pitch motion and the relative wave elevation shown in the previous 
section. The threshold value of operation availability was set at the pitch of 3.0 degrees and the relative 
wave elevation at the freeboard to the service deck, based on the result of the interview survey with 
captains of research vessels. The calculated results are shown in Table 2 to Table 5, where Tv means the 
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Fig. 5 1/10 maximum expected response value of Pitch(Long crested irregular waves and Short crested irregular waves) 
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Fig. 6 1/10 maximum expected response value of Relative wave elevation (Long crested irregular waves and Short crested 
irregular waves) 
Table 2. Allowable upper limit value of significant wave height with Pitch (Long crested irregular waves) 
(deg.)
Tv(sec) 0 45 90 135 180
4 7.69 4.52 19.23 4.33 6.38
5 4.27 2.7 14.71 2.61 3.88
6 3.02 2.36 14.22 2.27 2.86
7 2.63 2.38 13.04 2.27 2.52
8 2.56 2.54 16.04 2.42 2.48
9 2.7 2.83 17.75 2.68 2.61
10 2.94 3.2 20 3.02 2.86
11 3.3 3.65 22.73 3.45 3.18
12 3.73 4.18 25.86 3.94 3.59
13 4.22 4.78 29.7 4.5 4.07
14 4.78 5.43 33.63 5.12 4.6
unit: m  
Table 3. Allowable upper limit value of significant wave height with Pitch (Short crested irregular waves) 
(deg.)
Tv(sec) 0 45 90 135 180
4 5.56 4.5 3.81 4.25 5.03
5 3.34 3.08 2.8 2.94 3.14
6 2.7 2.75 2.7 2.63 2.59
7 2.54 2.75 2.88 2.61 2.44
8 2.61 2.91 3.18 2.78 2.5
9 2.8 3.18 3.59 3.03 2.68
10 3.12 3.58 4.1 3.4 2.97
11 3.52 4.06 4.71 3.86 3.36
12 4 4.63 5.42 4.39 3.81
13 4.54 5.27 6.2 5.01 4.33
14 5.15 5.99 7.08 5.68 4.91
unit: m  
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Table 4. Allowable upper limit value of significant wave height with relative wave elevation (freeboard = 1.3m) (Long crested 
irregular waves) 
Tv(sec)
4 2.96 3.02 1.36 3.00 2.99
5 2.12 2.10 1.08 2.01 2.14
6 1.96 1.96 1.12 1.83 1.93
7 2.04 2.05 1.27 1.88 1.96
8 2.25 2.25 1.48 2.04 2.11
9 2.54 2.54 1.73 2.29 2.35
10 2.91 2.91 2.03 2.61 2.67
11 3.34 3.34 2.37 3.00 3.06
12 3.85 3.84 2.76 3.44 3.50
13 4.41 4.41 3.18 3.94 4.01
14 5.04 5.03 3.65 4.49 4.57
unit: m  
Table 5. Allowable upper limit value of significant wave height with relative wave elevation (freeboard = 1.3m) (Short crested 
irregular waves) 
Tv(sec)
4 2.86 2.21 1.86 2.20 2.87
5 2.04 1.65 1.41 1.63 2.01
6 1.92 1.62 1.41 1.58 1.84
7 2.01 1.76 1.55 1.68 1.89
8 2.22 1.97 1.76 1.88 2.06
9 2.51 2.26 2.03 2.14 2.30
10 2.88 2.61 2.36 2.46 2.62
11 3.31 3.02 2.74 2.84 3.01
12 3.81 3.49 3.16 3.27 3.45
13 4.37 4.01 3.64 3.75 3.95
14 4.99 4.59 4.17 4.29 4.51
unit: m  
4. Offshore operation availability of CO2 carrier against sea conditions in the site M 
4.1. Estimation method 
Based on the collection of sea condition data in the supposed site location (see 2.) and the estimation 
of the limiting sea condition for offshore operation (see 3.), the estimation and the evaluation for the 
offshore operational availability of the proposed CO2 carrier vessel against the sea conditions in offshore 
site M were carried out. The flow diagram for the estimation for the offshore operational availability of 
CO2 carrier is shown in Fig. 7. 
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Fig. 7 Flow diagram for estimation with offshore operation availability 
 
means operation is not available. 
4.2.  Estimation results 
Pitch motion of vessel and service deck wetness for offshore operations are dominant factors to define 
vessels operational availability. Among them, the event of service deck wetness relies heavily on 
freeboard of service deck. Therefore, operational availability of a CO2 carrier was systematically-
calculated based on parametrically-changed freeboard of service deck (1.3m, 2.0m, 2.3m and 2.5m). 
Estimation results are shown as Fig. 8. These results show the operational availability of a CO2 carrier 
reach a target value of nearly 90% for full year and four seasons in the case that freeboard of service deck 
for offshore buoy picking-up operations set more than 2.3m as a service platform. 
5. Conclusion 
The results of the estimation with the operational availability of a CO2 carrier lead to the suggestion 
that the operational availability of a CO2 carrier reach a target value of nearly 90% by higher freeboard of 
a service platform for offshore buoy picking-up operations. 
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Fig. 8 Estimation results of operation availability (full year and four seasons) 
References 
[1] M. Ozaki, T. Ohsumi, R. Kajiyama and H. Bietz, Ship-based Offshore CCS Featuring CO2 Shuttle Ships Equipped 
withInjection Facilities, To be printed in the proceedings of the International Conference on Greenhouse Gas Technologies (GHGT-
11).18-22 November 2012, Kyoto, Japan. 
[2] N. Nakazawa, K. Kikuchi, K. Ishii, T. Yamaguchi, M. Ohta, M. Ozakie, Ship-based CO2 Injection into Subseabed 
Geological Formations using a Flexible Riser Pipe Pickup System, To be printed in the proceedings of the International Conference 
on Greenhouse Gas Technologies (GHGT-11).18-22 November 2012, Kyoto, Japan. 
[3] N. Kokubun, K. Ko, M. Ozaki, Cargo Conditions of CO2 in Shuttle Transport by Ships. To be printed in the proceedings of 
the GHGT-11, 18-22 November 2012, Kyoto, Japan. 
